When two or more visual objects appear in close proximity, the initial oculomotor response is systematically aimed at a location in between the objects, a phenomenon named the global effect. The global effect is known to arise when saccades are initiated relatively quickly, immediately after the presentation of a display, but it has also been shown that a global effect may occur much later in time, even for eye movements beyond the first. That is, when participants are searching for a complex target among complex distractor objects, it can take several eye movements to hit the target, and these eye movements mainly land at intermediate locations. It is debatable whether these findings are caused by the same mechanisms as those involved in the more typical global effect studies, studies in which much simpler search tasks are employed. In the current two experiments, we examined whether and under which circumstances a global effect can be found for a second oculomotor response in a search display containing two simple objects. Experiment 1 showed that the global effect only occurs when the presentation of the target and distractor objects is delayed, until after the first oculomotor response is initiated. Experiment 2 demonstrated that identity information, rather than spatial information, is crucial for the occurrence of the global effect. These results suggest that the global effect is not due to a failure to dissociate between the locations of multiple objects, but a failure to determine which one is the target.
1. Introduction
The global effect
While making sense of the world around us, we frequently saccade our eyes to locations that bear relevant information. These saccadic eye movements are needed because they bring visual information to the fovea, the only region of the retina that can process information in great detail. During saccadic eye movements the visual system can hardly process anything, but fortunate for us, saccades are extremely fast and concise. Saccades therefore appear optimized in enabling detailed visual processing, but there is one phenomenon that seems at odds with this view: the 'global effect' (Coren & Hoenig, 1972; Findlay, 1982 ; for review, Van der Stigchel & Nijboer, 2011) . When two or more visual objects appear simultaneously and in close proximity, the initial saccade is likely to end up at a location in between the objects. Even in the case of a specific and well defined target, eye movements systematically land at intermediate locations whenever presented together with a second object. To better understand this global effect, in the present study we investigated eye movements other than the very first oculomotor response.
In order to induce the global effect, objects should be presented together in a specific region (Findlay & Brown, 2006; Ottes, Vangisbergen, & Eggermont, 1985; Van der Stigchel & Nijboer, 2013; Walker et al., 1997) . For instance, Walker et al. (1997) asked participants to saccade from a fixed location in the middle of the screen to a target object as soon as this target appeared. In a large proportion of the trials, the onset of the target co-occurred with the onset of a distractor, presented at a large number of different positions and distances relative to the target. When a distractor was situated in an area of 20°around the target, i.e. in polar coordinates, the presence of the distractor affected the direction and amplitude of the saccade, whereas this was not the case for distractors presented outside this area. Moreover, whereas a distractor presented outside the area of 20°slowed the saccadic responses towards the target, a distractor presented inside this area caused saccades to be initiated more quickly relative to when the target was presented alone.
Initially, the global effect has been perceived as reflecting the automatic tendency to move the eyes to the center of gravity (Coren & Hoenig, 1972) . According to this account, saccades are automatically and reflexively directed towards the average location of spatially poorly resolved visual signals (see also, Ottes, http://dx.doi.org/10.1016/j.visres.2014.12.020 0042-6989/Ó 2015 Published by Elsevier Ltd. Vangisbergen, & Eggermont, 1984) . More recent explanations commonly include an additional top-down component (Godijn & Theeuwes, 2002; Marino et al., 2012; Meeter, Van der Stigchel, & Theeuwes, 2010; Trappenberg et al., 2001) . For instance, Godijn and Theeuwes (2002) described a model in which visual stimuli induce peaks of activity in a 'saccade map', a map reflecting the retinotopic configuration of the visual scene. The activity levels in this map can be modulated by both stimulus-and goal-driven signals, so the direction of saccades is determined by the goals of the observer as well as the intrinsic characteristics of the stimuli. Crucially, when objects appear close together, a combined activity peak is induced, instead of separate peaks, which reflects the weighted average of the objects. In turn, this leads to saccades that are aimed at intermediate locations in between objects. According to this ''weighted-average'' account, the global effect results from automatic stimulus-driven mechanisms, but can also be influenced by goal-driven mechanisms.
Another characteristic of the global effect concerns the timing of the oculomotor response. Over time the strength of the global effect wears off as saccades gradually become more selective (Coeffe & Oregan, 1987; Findlay, 1982; Ottes, Vangisbergen, & Eggermont, 1985; Van der Stigchel & Theeuwes, 2005) . Interestingly, this is not just the case for tasks in which observers search for a target, but also for tasks lacking a specific target description, tasks in which observers are free to move their eyes. For instance, Findlay (1982) demonstrated that when participants had to compare the stimuli presented in a current trial to those presented in a previous trial, saccadic latency negatively correlated with the strength of the global effect, i.e., the eyes tended to be directed in between the stimuli most profoundly when latencies were short. The effect was not completely abolished for the longest latencies though, but as the mean latency was well below 200 ms, responses may have been too fast for the global effect to disappear. Indeed, later studies revealed that the global effect can be prevented by delaying the oculomotor response (Coeffe & Oregan, 1987; Ottes, Vangisbergen, & Eggermont, 1985) .
As these findings demonstrate that long-latency eye movements do not exhibit a global effect, at least not to a comparable extent as short-latency eye movements, they are in line with the centre-of-gravity and the weighted-average accounts. According to the centre-of-gravity account a reduced global effect results from an increase in the quality of the spatial signals with processing time: long-latency saccades are based on higher spatial resolution than low-latency saccades. Consequently, long-latency saccades can be directed towards single objects more accurately. According to a weighted-average account, the global effect emerges because top-down processes did not yet determine which object corresponds to the target. As time passes by, top-down activity may accumulate at the location of the target, leading to more target-directed saccades, and thus a less pronounced global effect.
Beyond the first eye movement
Taking these explanations, one could expect the global effect to be completely absent for eye movements beyond the first, because a substantial amount of time has passed once these eye movements are initiated. Surprisingly, however, a number of studies suggest differently (Findlay & Brown, 2006; Findlay & Kapoula, 1992; Vishwanath & Kowler, 2003; Zelinsky, 2008; Zelinsky et al., 1997) .
One notable example concerns a study of Zelinsky et al. (1997) . Zelinsky et al. (1997) had participants search for a real-world object among other real-world objects while eye movements were recorded. Their results showed that when it took more than one saccade to position the eyes at the correct location of the target, the intermediate eye movements were mostly aimed at locations in between the presented objects rather than at the objects themselves. These findings can be interpreted as a global effect that is more persistent, even occurring well beyond a first eye movement. The authors explain the observed global effect by assuming that the human visual system cannot process identity information in great detail if located in the periphery. Therefore, there initially emerges uncertainty as to which of multiple potential target areas is the right one. To solve this, saccades are assumed to be initially directed to intermediate locations in the scene, purposefully, such to move the fovea closer to the potential targets. From this renewed position the visual system is far better able to determine where to find the target. According to such an explanation, the global effect does not arise from inaccurate location information (Coren & Hoenig, 1972; Ottes, Vangisbergen, & Eggermont, 1984) or an inability to exert sufficient top-down control (Marino et al., 2012; Meeter, Van der Stigchel, & Theeuwes, 2010; Trappenberg et al., 2001; Van der Stigchel, Meeter, & Theeuwes, 2006) , but merely because participants purposefully aim for intermediate positions to enhance the information gain in the subsequent fixation. Importantly, Zelinsky et al. used rather complex target and distractors which indeed required (para)foveal vision to be discriminated from each other. Accordingly, it might well have been the case that observers were actively aiming for intermediate locations to obtain sufficient information about potential targets.
Typically, a global effect task involves extremely simple stimuli, so it remains debatable whether the findings of Zelinsky et al. (1997) , involving rather complex search objects, relate to the same mechanisms as those described in the more traditional line of global effect research. Often, participants are set to search for a letter (Coeffe & Oregan, 1987) , a cross (Walker et al., 1997) , or for instance a disk among diamonds (Van der Stigchel & Theeuwes, 2005) . There are even studies in which participants do not even have to aim for a specific target (Findlay, 1982; Silvis & Van der Stigchel, 2014; Van der Stigchel, Heeman, & Nijboer, 2012) , and yet also under these conditions, when it should not have been necessary to first resolve the precise target position, a global effect occurs. Accordingly, there is much reason to believe that the global effect is primarily stimulus-driven, at least in single-saccade paradigms. The aim of the present study is to investigate whether a (classic, more typical) global effect can be observed in a second eye movement in simple displays in which target and distractor can be easily distinguished from peripheral vision.
Experiment 1

Description
The first experiment was aimed to examine whether the globaleffect phenomenon can be induced in a relatively simple but typical global effect task involving two rather than one eye movement. In this two-eye-movement (TEM) task, participants were asked to first move to a second fixation dot, before making an eye movement towards a target element, which appeared simultaneously and in close proximity to a distractor. In every block of trials the first movement had to be aimed in a fixed direction, away from the target. There were two conditions: (i) the no-delay condition, a condition in which the stimuli (target and distractor) were presented from the start of the trial, and (ii) the object-delay condition in which the stimuli were presented during the first eye movement.
In addition to TEM, the experiment also involved a separate session of trials in which merely a single eye movement was required. This single-eye-movement (SEM) task was equal to TEM except that participants did not move their eyes to a second fixation dot first. SEM comprised two conditions: (i) the immediate-response condition in which participants were required to immediately react when the stimuli appeared, and (ii) the deferred-response condition in which participants had to wait for 300 ms as indicated by the offset of the central fixation point. With the immediateresponse condition we could determine the shape of the standard global effect as it is induced by the current set of stimuli and display configuration. The deferred-response condition allowed us to ascertain the peripheral discriminability of the target and distractor objects. The extra time participants were asked to wait should remove the uncertainty regarding the position of the target, if participants are able to identify it from the central fixation point. The resulting saccade distribution should therefore render the optimal accuracy one could expect in the presence of a nearby distractor.
Method
Participants
Twelve students (18-28 years old; 8 female) were tested at the Vrije Universiteit Amsterdam. All reported having normal or corrected-to normal vision. All signed an informed consent form to participate in the experiment. The experiment was conducted in accordance with the guidelines of the Helsinki Declaration.
Apparatus
All stimuli were presented using a Pentium IV computer (2.3 GHz) and the open-source graphical experiment builder OpenSesame (Mathot, Schreij, & Theeuwes, 2012) . The display, a 21 Inch CRT monitor, had a refresh rate of 100 Hz (resolution 1024 Â 768 px). A chinrest was situated at a distance of 60 cm from the screen.
Monocular movements were tracked using the Eyelink 1000 system (Desktop Mount model, infra-red video-based, SR Research Ltd., Canada), with a resolution of 1000 Hz (temporal) and 0.01°R MS (spatial).
Task, stimuli and design
The main task of the experiment was a two-eye-movement (TEM) task. First, participants had to saccade from a central fixation dot (r = .11°, 86.13 cm/d 2 ) to a second fixation dot (r = .11°, 86.13 cm/d 2 ), after which a second eye movement had to be aimed at the target object. The trial started with the central fixation dot in the gray background (25.7 cm/d 2 ) presented for 300 ms. Then, with the appearance of the second fixation dot, the first fixation dot disappeared. Target and distractor were either presented simultaneously with the second fixation dot (the no-delay condition) or during the first eye movement (object-delay condition). Immediately after participants completed the first eye movement, the second fixation dot disappeared. This offset should let the second eye movement follow the first as quickly as possible. The second eye movement had to be directed to the target object which was specified by its color. 250 ms after either the target or distractor object was hit, the stimuli disappeared.
The side at which the second fixation dot was presented (left or right) was constant within blocks of trials. Hence, participants knew beforehand in which direction to move to first. The second dot appeared at a distance of 1.06°, 2.13°, or 3.20°(randomized) from the first dot on a (imaginary) horizontal axis. The target and distractor objects were differently colored circles (r = .30°). The colors were selected from red (CIE for each participant and the chosen colors for both objects were counter-balanced across participants.
The target and distractor were always presented in the opposite side of the screen relative to the second fixation dot, both at a distance of 12.5°from the second fixation dot. Target and distractor were always presented as a pair at fixed locations either in the upper or lower half of the screen. In a given block, the target could therefore be positioned at one of four fixed locations (as was the case for the distractor). Relative to a vertical axis on the second fixation dot, these locations (as a pair) were directed 45°or 135°in polar coordinates (see Fig. 1 ), with an angle between the two objects of 25°, which made the absolute distance between the two 2.8°.
TEM consisted of two conditions: the no-delay condition and the object-delay condition (see Fig. 1 ). In the no-delay condition, the onset of the target and distractor stimuli co-occurred with the onset of the second fixation dot. In the object-delay condition, the target and distractor were initially absent and only appeared during the participant's first saccade.
In the single eye movement (SEM) task, participants had to make a single saccadic eye movement from a central fixation dot towards the target object. This eye movement had to be made after the offset of the fixation dot. SEM consisted of two conditions: the immediate-response condition, and the deferred-response condition, in which, respectively, the fixation dot disappeared immediately after the 300 ms fixation screen or the fixation remained visible for an additional 300 ms after the onset of the target and distractor stimuli. The stimuli used in SEM were equal to those of TEM. However, there was no second fixation dot in SEM, and instead of using the location of the second fixation to determine the positioning of the target and distractor objects, in SEM, the central fixation dot was the main point of reference (see Fig. 2 ). Hence, target and distractor were presented at 12.5°from central fixation, so as to ensure that the distance and direction of the target and distractor were equal to those in TEM.
It was varied across participants which of the two tasks, TEM or SEM, had to be performed first (counter-balanced across participants). TEM consisted of 4 blocks of 72 experimental trials each in which the two conditions were varied on a trial-by-trial bases. For SEM, however, the two conditions were randomly varied over blocks of trials (counter-balanced order across participants) to facilitate quick responses. SEM also consisted of 4 blocks of 72 trials each.
Procedure
The experiment started by signing the informed consent and by calibrating the eye tracker. If at any point during the experiment eye movements would drift, another calibration procedure would be performed. Participants were informed about the consequences of head movements, but were free to move their head during the breaks between blocks.
Every block of trials in which the task changed, either the direction of the first eye movement or the type of task, 6 practice trials had to be performed. To start a trial, a drift correction was required in which participants were to press spacebar while fixating on a cross in the middle of the screen. When correctly fixated, the fixation cross was replaced by the fixation dot, indicating the actual beginning of the trial.
After each block of 72 trials, the mean percentage of correct trials and the mean saccadic latency were given as feedback. These measures were calculated online, during the experiment, for only those trials involving proper eye movements (eye movements that started in a 1.6 area around the fixation point, and were aimed within 1.6 of target, distractor, or second fixation point). A trial was counted as correct when the landing position of the saccade aimed at the target was closer to the target than to the distractor object. Both the mean latencies of the first and second saccades were offered in TEM, whereas for SEM, only one average saccade latency was given. These feedback screens remained displayed until a key was pressed.
In total, 600 trials (including 24 practice trials) were to be performed by each participant. Including the calibration procedures and breaks, the participants were able to finish the experiment within an approximate 60 min.
Analysis
To investigate the presence or absence of a global effect in the TEM conditions, we transformed the absolute landing positions of the saccades, the second saccade of TEM and the first saccade of SEM, to an angular measure of deviation away from the middle UnƟl first eye movement UnƟl 250 ms aŌer the second eye movement Fig. 1 . A schematic overview of the stimulus sizes and distances on the screen, together with an overview of the conditions. The numbers and dashed lines did not appear in the actual display. In this overview, the first eye movement was aimed leftwards, at a second fixation dot located at 2.13°, which is one of three possible distances from the center of the display. During this eye movement the display changed from the first to the second. Target and distractor were always presented as a pair at fixed positions in one of the quadrants of the screen, i.e. fixated locations relative to the second fixation dot.
ImmediateResponse
DeferredResponse
Second Display First Display FixaƟon Display 300 ms UnƟl first eye movement 300 ms UnƟl first eye movement 300 ms Fig. 2 . An illustration of the SEM conditions. In this example, the eye movement was aimed rightwards at one of the objects presented in the top right quadrant. The only difference between the two conditions of SEM, the immediate-and the deferred-response condition, is the offset of the central fixation dot. Therefore, the deferred-condition involves an additional display that contains both the fixation dot and the colored disks, a display presented for 300 ms.
of the object pair; the saccadic center deviation. Additionally, in order to examine the differences among the conditions, we also calculated the saccadic target deviation, an angular measure reflecting the deviation of a saccade away from the target direction. The saccadic center deviation was calculated taking the difference angle between a line from the starting position to the end position of the saccade and a line from the starting position of the saccade to the middle of the target and distractor objects (see Fig. 3 ). The saccadic target deviation was calculated taking the difference angle between a line from the starting position to the end position of the saccade and a line from the starting position of the saccade to the target. The saccadic center deviation was positive when it was directed more horizontally than the line aimed through the middle of the pair of objects, whereas it was negative when the saccade was directed more vertically. The saccadic target deviation was positive when the eye movement was directed towards the distractor side of the target, and was negative when it was directed towards the other side of the target.
When a global effect occurs, eye movements should be drawn to a point at the center of a pair of objects rather than to the individual objects. Accordingly, this should result in a unimodal distribution of saccadic center deviations, centered around 0°. However, when objects are individually targeted, the distribution of saccadic center deviations should be bimodal with two peaks near the two corresponding object locations. Note that the saccadic center deviation is not indicative of how accurately people aim for the target, because the position of the target and distractor interchange. Hence, if participants would aim at the target accurately on every trial, a bimodal distribution will emerge.
To examine whether the observed distributions were unimodal or not, the saccade deviations were binned in 17 bins of an equal range (5°) separately for each participant and each condition. Together the bins ranged from a saccade deviation of À42.5°to 42.5°. Next, the proportions of saccades per bin were calculated for each participant and for each condition. Based on a grand average of each of the bins, an overall distribution was obtained and plotted for each condition of the experiment. The standard errors of the means were also calculated per bin, depicted in the error bars, rendering the individual variability. For further analyses we collapsed all saccadic center deviations of all participants and calculated the Kernel Density Estimate (KDE) separately for each condition. The bandwidth of each KDE was selected based on the 'normal reference rule'. To test the observed distributions for unimodality, we used the Hartigans' dip test (Freeman & Dale, 2013; Hartigan & Hartigan, 1985) . The Hartigans' dip test is based on the maximum difference between the observed distribution of data and a uniform distribution that fits the data most optimally. Assuming that the uniform distribution was used to perform the sampling, and based on the sample size, the likelihood of the largest disparity observed in the data can be calculated. When the largest disparity surpasses a critical likelihood, the null hypothesis of a unimodal distribution should be rejected (Hartigan & Hartigan, 1985) . As an addition to the assessment of the presence of the global effect, the conditions were also directly compared with respect to the saccadic target deviations. For each participant and for each condition, all measured saccadic target deviations were taken to calculate the KDE. In turn, the KDE can be used to determine the mode of the saccadic target deviation distribution (reflected by the peak of each KDE). The mode indicates the saccadic target deviation most likely to be observed, and was taken as the dependent measure to statistically test the differences among the conditions. Like for the saccadic center deviations, we also calculated the KDE of the overall distribution of saccadic target deviations for illustrative purposes (i.e., the distributions collapsed over participants).
Finally, also the saccadic latencies of the first and second eye movements were examined. For SEM saccadic latency was defined as the time difference between the offset of the fixation dot and the start of the eye movement, i.e. when the velocity exceeded 35°/s and the acceleration exceeded 9500°/s 2 . For TEM the saccadic latency of the first eye movement was also defined as the time difference between the offset of the first fixation dot and the start of the first eye movement. The saccadic latency of the second eye movement was defined as the time between the end of the first eye movement and the start of the second eye movement.
Results
SEM
On average, in 3.6% of the trials, participants moved gaze too quick (a saccadic latency below 50 ms), and in 7.2% of the trials, participants failed to direct gaze in a single saccadic movement to either small circled area (r = 1.6°) around the target, around the distractor, or around an imaginary point in the middle of the two objects.
The remainder of trials resulted in the distributions given in Fig. 3 . A depiction of the computation of the saccadic center deviation and the saccadic target deviation. In this particular example, the saccadic center deviation would be negative, because the saccade is aimed more vertical than the line that is directed towards the center of the object pair. The saccadic target deviation would be positive because the saccade is aimed more towards the distractor side of the target.
standard errors of the means per bin, whereas the distributions of Fig. 4B show the KDE of the overall distributions of saccadic center deviations. Together, Fig. 4A and B suggest that an immediate response leads to a global effect shaped distribution (unimodal), whereas a deferred response leads to a bimodal distribution. Indeed the Hartigans' dip test for unimodality confirmed the unimodal distribution of immediate responses, D = .009, p > .05, whereas the distribution of the deferred responses was not, D = .039, p < .001.
The analysis on the individual modes of the saccadic target deviations revealed there was a significant difference between the immediate-(M = .87°, SD = 2.91°) and deferred-response (M = À.59°, SD = 2.08°) conditions of SEM, t(11) = 2.611, p < .05. This confirms that the 300 ms time period in which participants delayed their response enabled them to better aim at the target than when they had to respond immediately. Hence, participants were well able to discriminate between the target and distractor objects presented at this particular distance from central fixation. Finally, a paired-samples t-test on the individual mean saccadic latencies in the SEM task showed no significant difference between the immediate and deferred responses (respectively, M = 227 ms; 238 ms, and SD = 34 ms; 62 ms), t(11) = .396, p > .05. To examine whether the global effect is mainly present or absent with small or with large latencies in these conditions, we split the saccadic center deviations into two groups based on the medians of the saccadic latencies. The immediate-response condition yielded a global effect even when reactions were slow (D = .01, p > .05), whereas the global effect was even not present for the fastest reactions in the deferred-response condition (D = .02, p < .05).
TEM
On average across participants, in 1.6% of the trials, participants moved gaze too quick (a saccadic latency below 50 ms), and in 8.7% of the trials, participants failed to direct gaze in a single saccadic movement to an area of 1.6°around the second fixation dot. On average, in 6.3% of the trials, the second eye movement did not end up in an area of 1.6°around the target, around the distractor, or around an imaginary point in the middle of the two objects. The remainder of the trials was used to create the distributions depicted in Fig. 5 .
The results depicted in Fig. 5A and B suggest a unimodal distribution in the object-delay condition and a bimodal distribution in the no-delay condition. Crucially, this was confirmed by the Hartigans' dip test: D = .009, p > .05, for the object-delay condition, and, D = .059, p < .001, for the no-delay condition.
Analyses on the individual modes of saccadic target deviations revealed that the target was aimed at more accurately in the nodelay condition (M = .33°, SD = 3.90°) than in the object-delay condition (M = 3.71°, SD = 6.36°), t(11) = 2.938, p < .05. A comparison of the saccadic target deviation modes across the SEM and TEM tasks showed that participants aimed equally close to the target in TEM's no-delay condition, as in SEM's deferred-response condition, t(11) = .910, p > .05. Similarly, the saccadic target deviation mode in TEM's object-delay condition was equal to that in SEM's the immediate-response condition, t(11) = 1.766, p > .05. Finally, further analyses on the saccadic target deviation modes confirmed that participants were well able to perform the task, because in all conditions the mode was significantly smaller than 12.5°, the center of the object pair, and so in all conditions, participants were systematically biased toward target rather than the distractor (for all conditions, t > 5.00 and p < .001).
To examine whether the differences between the TEM conditions relate to differences in saccadic latency, a (paired-samples) t-test was performed on the individual mean latencies of the second eye movements. The results showed that the latencies of the second saccade in the no-delay condition were lower (M = 181 ms, SD = 42 ms) than in the object-delay (M = 200 ms, SD = 41 ms) condition, t(11) = 4.071, p < .05. Hence, the presence of the global effect in the object-delay condition was not caused by faster responses by the participant in that condition. In fact, responses were faster and still the global effect was not resolved. Furthermore, the latencies of the first eye movement were not different between conditions, t(11) = 1.497, p > .05.
Discussion
The results demonstrate the global effect to be absent when participants are asked to saccade to a target indirectly, by means of two eye movements instead of one. Importantly, the first eye movement had to be directed away from the target object, which should restrict attention of shifting to the target (Hoffman & Subramaniam, 1995; Kowler et al., 1995; Shepherd, Findlay, & Hockey, 1986) . Nevertheless, the second eye movement was aimed at the target more accurately than an initial eye movement, suggesting that the endpoint of this second eye movement in part relied on information obtained prior to the first eye movement.
The present results are different from those obtained by Zelinsky et al. (1997) . Zelinsky et al. observed eye movements beyond the first to be aimed at intermediate locations between objects, and interpreted these results as indicative for the use of an intentional strategy to optimize the uptake of visual information. In contrast to Zelinsky et al., we did not use complex realworld objects but simple colored circles that were relatively easy to discriminate from peripheral vision, as was confirmed by the SEM results. Namely, when participants were asked to delay their response, saccades were clearly aimed at the target and not at a location in the middle of the object pair. Therefore, our results suggest that, when objects can be peripherally discriminated relatively easily, people do not use a voluntary strategy to guide the second eye movement to a location in between objects. Whenever the target and distractor can easily be detected, the global effect is nonexistent for an eye movement that is the second oculomotor reaction.
The results of Experiment 1 show that the presence of a global effect is critically dependent on the timing of the presentation of visual information. An open question at this point is what kind of information the visual system used to accurately aim the second eye movement at the target.
According to the center-of gravity account, the global effect arises because the visual system has poor spatial resolution concerning the location of the objects presented (Coren & Hoenig, 1972; Ottes, Vangisbergen, & Eggermont, 1984) . The lack of spatial resolution makes it impossible to dissociate between the objects, pulling the eyes toward the center of gravity. With time, however, the spatial resolution concerning both the target and distractor may increase, leading the global effect to deteriorate. The spatial representation of potentially relevant objects in general increases in resolution, and if this information is preserved over eye movements, it contributes to the disappearance of the global effect in a second eye movement.
Alternatively, according to the weighted-average account, the global effect is due to the absence of top-down influences (Marino et al., 2012; Meeter, Van der Stigchel, & Theeuwes, 2010; Trappenberg et al., 2001; Van der Stigchel, Meeter, & Theeuwes, 2006) . Accordingly, the disappearance of the global effect in a second eye movement might be related to increased top-down signals which start to affect eye movements as soon as target information is obtained. Thus, whereas the weighted-average account predicts target identity information to solve the global effect, the center-of-gravity account predicts that the improved spatial information solves the global effect. Experiment 2 was performed to discriminate between these possibilities.
Experiment 2
Description
To gain insight into why the global effect was not observed in the no-delay condition, we manipulated the timing of the appearance of the target and the distractor identities in the second experiment. Experiment 2 consisted of three TEM conditions: (i) a nodelay and (ii) an object-delay condition, which were both similar to the two corresponding conditions of Experiment 1, and (iii) an identity-delay condition, which was similar to the no-delay condition except that the identities (colors) of the target and distractor were presented after the first fixation. In this identity-delay condition, the two objects were initially presented with the same neutral color providing precise spatial information without revealing the objects' identities. As for the SEM conditions, all was equal to Experiment 1.
If the center-of-gravity explanation truly accounts for the global effect, the presence of spatial information prior to the first eye movement should already improve the ability of the participants to accurately aim for the target and decrease the strength of the global effect. Conversely, according to the weighted-average account, the identity of the target is required to resolve the global effect, because only top-down guidance can direct the eyes away from the center of the object pair.
Method
Participants
Twelve students (18-27 years old; 7 female) were tested at the Vrije Universiteit Amsterdam. All reported having normal or corrected-to normal vision. All signed an informed consent form to participate in the experiment. The experiment was conducted in accordance with the guidelines of the Helsinki Declaration. 
Apparatus
The apparatus was the same as in Experiment 1, except for the distance between the chinrest and monitor, which was increased (to 75 cm) to create a more comfortable viewing distance for participants. Consequently, the size of the target and distractor disks changed (r = .24°) as well as the distance between the fixation point and the target (10.05°), the distance between the target and distractor (2.24°), and the three possible distances between the two fixation points (.85°, 1.70°, 2.56°).
Stimuli and design
The stimuli and design were same as in Experiment 1, except for the additional identity-delay condition. The identity-delay condition was part of the main task of the experiment, the two-eyemovement (TEM) task. As in the other TEM conditions, the identity-delay condition consisted of two displays, in this case enabling the delayed appearance of the identities of the target and distractor (see Fig. 6 ). The first display consisted of the second fixation dot and two neutral objects. These neutral objects contained the third color of the experiment. So if the target and distractor were selected to be green and blue for a particular participant, the neutral color would be red. During the first eye movement, the two neutral objects changed such that they obtained their target and distractor colors.
TEM consisted of 4 blocks of 108 experimental trials each in which the three conditions were varied on a trial-by-trial bases. SEM consisted of an equal number of trials and blocks as in Experiment 1. Again the order in which TEM and SEM were performed was mixed and counterbalanced across participants.
Procedure
The procedure was the same as in Experiment 1.
Results
SEM
On average, in 3.6% of the trials, participants moved gaze too quickly, and in 7.2% of the trials, participants failed to direct gaze in a single saccadic movement to either small circled area (r = 1.6°) around the target, around the distractor, or around an imaginary point in the middle of the two objects. The resulting distributions are provided in Fig. 7 .
The results depicted in Fig. 7A and B suggest the presence of a unimodal saccadic center deviation distribution in the immediate-response condition and a bimodal saccadic center deviation distribution in the deferred-response condition. This was confirmed by the outcomes of the Hartigans' dip test: D = .016, p > .05, for the immediate-response condition, and D = .022, p < .05, for the deferred-response condition.
An analysis on the individual modes of the saccadic target deviations showed that there was a significant difference between the immediate-(M = 6.48°, SD = 5.47°) and deferred-response conditions of SEM (M = À.90°, SD = 4.71°), t(11) = 3.844, p < .005. This confirms that the additional 300 ms time period in the deferredresponse condition allowed participants to better aim for the target than when they had to respond immediately.
A paired-samples t-test on the individual mean saccadic latencies in the SEM task revealed a significant difference between the immediate-response (M = 323 ms, SD = 37 ms) and deferredresponse conditions (M = 279 ms, SD = 61 ms), t(11) = 2.999, p < .05. This finding rules out that the presence of a global effect in the immediate condition can be due to faster responses in that condition: saccadic latencies were in fact larger in the immediate-response condition than in the deferred-response condition.
TEM
On average, in 1.6% of the trials, participants moved gaze too quick, and in 8.7% of the trials, participants failed to direct gaze in a single saccadic movement to an area of 1.6°around the second fixation dot. On average, in 6.3% of the trials, the second eye movement did not end up in an area of 1.6°around the target, around the distractor, or around an imaginary point in the middle of the two objects.
The remainder of trials led to the distributions shown in Fig. 8 . Again, the Hartigans' dip test was performed on the overall distributions of the saccadic center deviations per condition. Taking the no-delay condition, a non-unimodal distribution was found, D = .015, p < .05. For the other two conditions, identity-and object-delay, a unimodal distribution was found, respectively, D = .008, p > .05, and D = .007, p > .05. Based on the Hartigans' dip test, the identity-delay condition contains a global effect.
An ANOVA on the individual modes of the saccadic target deviations revealed a significant effect of condition, F(2, 22) = 15.112, p < .001, g p 2 = .579. Crucially, participants less accurately aimed for the target in the identity-delay condition (M = 5.42°, SD = 4.01°) than in the no-delay condition (M = .08°, SD = 3.57°), F(1, 11) = 16.158, p < .005, g p 2 = .595. Accuracy in the identity-delay condition did not differ from the accuracy in the object-delay condition (M = 1.25°, SD = 3.09°), F(1, 11) = 3.670, p > .05 (a post hoc test confirms the difference between the object-delay and no-delay condition, p < .001).
Comparing the modes of the saccadic target deviations across the SEM and TEM tasks, participants were equally accurate in TEM's no-delay condition as in SEM's delayed-response condition, t (11) condition was similar to the accuracy of TEM's object-delay condition, t(11) = .799, p > .05, and TEM's identity-delay condition t(11) = .596, p > .05. To examine whether the differences between the TEM conditions relate to differences in saccadic latency, an ANOVA was performed on the individual mean latencies of the second eye movements with the factor condition (no-delay, identity-delay, object-delay). The results show that there are no latency differences among the three conditions, F(2, 22) = 1.651, p > .05. However, a similar ANOVA showed that the latencies of the first eye movements were different, F(2, 22) = 22.276, p < .005, when an ANOVA is performed on the individual latencies of the first and second eye movements combined (summed), no significant difference was found, F(2, 22) = 3.446, p > .05.
Discussion
The identity-delay condition showed a unimodal distribution of saccadic center deviations, as was found in the object-delay condition. In addition, also the saccadic target deviations were similar in the identity-delay and object-delay conditions. The no-delay condition uniquely yielded a bimodal distribution, as well as a smaller saccadic target deviation mode than the other conditions, similar to Experiment 1. Together the results suggest that the presence of a global effect in a second eye movement is critically dependent on the presence of prior identity information rather than prior location information.
Additionally, the findings of Experiment 2 confirm that the main pattern of results observed in Experiment 1 was not caused by a secondary manipulation that resulted from the experimental design: a two-versus a three-item onset. In the no-delay condition, the onset of the second fixation dot co-occurred with the onset of the target and distractor objects, whereas this was not the case in the object-delay condition. This might have resulted in the absence and presence of the global effect in these conditions, respectively. However, in the identity-delay condition of Experiment 2, the global effect was observed even though the second fixation dot cooccurred with the onset of the target and distractor. Hence, the global effect is not eliminated by a three-item onset. Additionally, the results in the identity-delay condition also more generally imply that the onset of objects can still induce a global effect even if attention is allocated elsewhere. Taken together, Experiment 1 and 2 demonstrate that it is the availability of target information that determines whether a global effect will be present or not.
General discussion
The main findings of Experiment 1 and 2 indicate that when the target and distractor are simple objects which are relatively easy to identify, the global effect is limited to the first oculomotor response. In the object-delay (Experiments 1 and 2) and the identity-delay conditions (Experiment 2), eye movements were aimed in between the target and the distractor, whereas in the no-delay conditions (Experiments 1 and 2), the only condition in which target identity information was present before the first oculomotor response, eye movement were directed towards the target. This implies that participants picked up identity information prior to the initial eye movement (even at locations opposite from the direction of the initial saccade), and that this information was preserved and used in the second oculomotor response.
The results obtained in SEM are in line with previous studies showing that the global effect diminishes with time (Coeffe & Oregan, 1987; Findlay, 1982; Ottes, Vangisbergen, & Eggermont, 1985; Van der Stigchel & Theeuwes, 2005) . Whereas saccades were aimed at an intermediate location in the immediate-response condition, saccades were aimed at the target in the deferred-response condition. Importantly, the results obtained in the no-delay condition of TEM demonstrate that the decline in the global effect even occurs in the presence of an intermediate saccade. That is, the distributions of landing positions of second eye movements in the nodelay conditions of TEM were, similarly to those obtained in the deferred-response conditions of SEM, bimodal rather than unimodal.
Our results, in particular those obtained in Experiment 2, are difficult to reconcile with the center-of-gravity account (Coren & Hoenig, 1972; Ottes, Vangisbergen, & Eggermont, 1984) . This account implies that the global effect is primarily caused by poorly resolved spatial signals. Since the spatial resolution improves over time, the global effect becomes less pronounced and should eventually disappear. Crucially, even in the case that the identity of objects is not yet determined, observers should gradually become more capable of aiming their eyes at single objects. However, in the current study, a global effect was observed in the identitydelay condition of TEM, a condition in which the locations of the objects were given from the start of the trial. Accordingly, the global effect appears to arise from a deficiency of identity information, rather than a deficiency of location information.
The results are consistent with the weighted-average account (Godijn & Theeuwes, 2002; Marino et al., 2012; Meeter, Van der Stigchel, & Theeuwes, 2010; Trappenberg et al., 2001 ).This account explains that visual stimuli induce peaks of activity in a saccade map, possibly situated in the intermediate layers of the superior colliculus (Schall, 1991) . If these signals originate from locations relatively close together, they overlap and conjoin, such that in the absence of target information, eye movements tend to be directed towards the weighted average of the signals. When target information is obtained over time, the peak associated with the target strengthens relative to the peak associated with the distractor. As a result, eye movements become more target-directed and thus the global effect less pronounced. Indeed, the current results confirm that target information is required to prevent the eyes from being directed towards the middle of the object pair. It was only in the no-delay condition of TEM, the condition in which the identity of the target was revealed prior to the first saccade, that the global effect was diminished. Importantly, this finding also suggests that identity information is preserved over eye movements and continuously modulates the activity in the retinotopic saccade map.
The present results are different from those found by Zelinsky et al. (1997) . Zelinsky et al. observed sequences of eye movements that were aimed in between objects, even though objects were presented without any delay. Importantly, in contrast to the current stimuli, Zelinsky et al. employed real-world objects. Therefore, whereas the identity information obtained prior to first eye movements sufficed to discriminate the target from the distractor in the present experiments, this was not the case in Zelinsky et al. In this respect, the difference in findings between ours and those obtained by Zelinsky et al. leads to the same conclusion: the global effect primarily arises from uncertainty about a target's identity rather than insufficiently resolved location information.
In conclusion, the results indicate that the global effect is limited to initial responses only, when the identities of the objects are relatively easy to determine prior to the initial response. This suggests that the transience of the global effect is primarily due to a top-down signal that increases in strength rather than an increase in the resolution of location information. When the global effect is observed, there is an inability to determine the position of the target, not a failure to dissociate between the locations of multiple objects.
